Three experiments were conducted to determine the day at which the bovine embryo first affects luteal lifespan and if intrauterine infusion of homogenates of bovine embryos would extend luteal lifespan in nonpregnant heifers. Exp. I was a 2 x 2 factorial design and utilized 23 pregnant or nonbred Holstein heifers that were subjected to embryo removal procedures on day 15 or day 18 postestrus (estrus = day 0). Exp. II was a 4 x 2 factorial design and utilized 39 pregnant or nonbred Holstein or beef x Holstein heifers that were subjected to embryo removal procedures on day 13, 15, 17 or 19 postestrus. Removal of embryos at day 18 (Exp. I) and day 17 or 19 (Exp. II) prolonged (P<.01) luteal lffespan as compared to nonbred controls or when embryos were removed on days 13 or 15 of pregnancy. In Exp. III, seven heifers received twice daily intrauterine infusions of a homogenate of 17-and 18-day-old embryos and seven received control infusions. As compared to the control group, intrauterine infusions of homogenized 17-and 18-day-old embryos lengthened (P<.01) the interestrous interval by delaying regression of the CL. The results of these experiments indicate that between days 15 and 17 of pregnancy the bovine embryo produces a substance that prolongs the functional lifespan of the CL.
Introduction
In nonpregnant cows and ewes, lifespan of the corpus luteum (CL) is terminated by the action of a luteolysin from the uterus (reviewed by Horton and Poyser, 1976) . Since progesterone from the CL is necessary for maintenance of early pregnancy in farm animals, the extension of luteal lifespan by the embryo is essential to the establishment of pregnancy. In primates, the embryo signals its presence by producing a chorionic gonadotropin that maintains progesterone production by the CL (Knobil, 1973) . The mechanism by which bovine embryos extend luteal lifespan has not been determined.
Studies utilizing embryo removal and transfer established that ovine embryos affect luteal lifespan by the 13th day after mating (Moor and Rowson, 1966a) . Furthermore, homogenares of 13-and 14-day-old ovine embryos contained substances that prolonged luteal lifespan in nonpregnant ewes (Rowson and Moor, 1967) . The experiments reported here were designed to determine the day at which the bovine embryo first affects luteal lifespan and if intrauterine infusion of homogenates of bovine embryos would extend luteal lifespan in nonpreg0ant heifers.
Materials and Methods
Eighty Holstein or beef x Holstein heifers were used in three experiments. Animals were maintained on medium quality alfalfa hay (1-00-071). Heifers were observed twice daily and the first day of standing estrus was designated as day 0 of that estrous cycle. Detection of estrus in experimental animals was facilitated by the use of K-mar heat patches and the continuous presence of a heifer treated with testosterone.
Embryo Removal. Embryos were removed from the uterus by a modification of the nor~-298 JOURNAL OF ANIMAL SCIENCE, Vol. 50, No. 2, 1980 surgical procedure developed by Rowe et al. (1976) . The procedure involved inserting a Foley catheter through the cervix into a uterine horn, filling each uterine horn with 40 to 50 ml of saline (containing 500 IU of streptomycin and 500 IU penicillin per milliliter), and collecting the uterine washings by gravity or with slight manipulation of the uterine horn per rectum. In Exp. I and II, each uterine horn of bred and nonbred animals was flushed a total of five times unless the embryo was not recovered intact. In those cases where embryonic fragments were obtained in the fourth or fifth flushing (only at day 19), the flushing procedure was continued until two successive flushes were judged to be free of embryonic tissue. Upon removal, intact embryos were freed of extraneous materials, measured and stored at -20 C. Bred heifers from which embryos were not recovered were excluded from these experiments.
Exp. I. Twenty-six Holstein heifers were assigned at random to four treatment groups in an experiment of 2 x 2 factorial design. The factors were day of uterine flushing (15 or 18 days postestrus) and pregnancy status (pregnant or nonbred). To compensate for the fact that all bred animals would not be pregnant at the time of treatment, eight heifers were assigned to each of the embryo removal groups and only five heifers to nonbred sham-operated groups.
Exp. H. Forty Holstein or beef x Holstein
heifers were assigned at random to an experiment of 4 x 2 factorial design. The factors were day of uterine flushing (day 13, 15, 17 or 19 postestrus) and pregnancy status (pregnant and nonbred). Six bred heifers and four nonbred heifers were assigned to each treatment day. Beginning on day 13 postestrus, blood samples were collected and CL were palpated per rectum every other day until the heifer returned to estrus. Blood samples from the day of treatment were obtained prior to embryo removal or sham operation.
Exp. HI. In Exp. III, 14 Holstein heifers
were assigned at random to two treatment groups: seven received twice daily intrauterine infusions of a homogenate of 17-and 18-dayold embryos and seven received control infusions (serum diluted with saline). Paralumbar laparotomy was performed on the 14th day postestrus and a polyvinyl catheter 2 mm in diameter (1 ml volume) was inserted into the tip of the uterine horn ipsilateral to the CL. The other end of the catheter was passed through the dorsal lateral body wall by means of a trochar and the externalized portion anchored to the skin.
Embryos for Exp. III were obtained by the nonsurgical procedure described above. A total of 56 17-or 18-day-old embryos were obtained from 65 nonsuperovulated heifers. The embryos were stored in a small volume of normal saline at -20 C prior to use. After the required number of embryos were collected they were thawed, homogenized and refrozen in a concentration of two embryos per milliliter of fluid.
Infusions were given at 12-hr intervals beginning in the afternoon of day 14 and continuing through the morning of day 18. Each infusion consisted of .5 ml of embryonic homogenate containing one embryo equivalent, or .5 ml of a 1 to 1 mixture of serum and saline as control material. Each infusion of test material was followed by 1.0 ml of sterile saline containing 500 IU of penicillin and 500 #g of streptomycin. Beginning on day 18 postestrus, blood samples were collected and the CL palpated per rectum every day until the heifer returned to estrus.
Serum Progesterone. Serum progesterone concentrations were measured by double antibody radioimmunoassay using a highly specific antiserum (Staigmiller et al., 1979) .
Serum samples were extracted with hexane and not subjected to further purification. There were no reagent blanks and the efficiency of extraction averaged 69%. All samples were analyzed at two dose levels with two tubes per dose. Validation of the assay was based on failure to find heterogeneity of regression among unknowns, the parallel dose response curves of standards and unknowns, and on the quantitative recovery of varying amounts of progesterone (1 to 8 ng/ml) added to estrous cow serum (correlation between amount added and measured = .99, n = 4). Utilizing 1 ml sampies, the sensitivity of the assay system was 250 pg/milliliters. In 12 assays, a standard serum pool gave a mean progesterone value of 2.4 ng/ml with a coefficient of variability of 9.7%.
Statistical Analysis. Treatment effects on interestrous intervals in Exp. I and II were determined by analysis of variance using unweighted means. In Exp. III, the effect of treatment on the interestrous interval was determined by Student's t test. Serum progesterone values for Exp. II and III were subjected to analysis of variance. The analysis included samples through day 21 as most controls were in heat by day 22. In Exp. II, blood progesterone values were transformed to log~ 0 prior to analysis.
Results and Discussion
In Exp. I and II (figure 1), the uterine flushing procedure had no apparent effect on interestrous intervals in nonbred heifers (mean length -+ SE of pretreatment estrous cycles was 20.6 + .3 days). Removal of embryos at day 18 (Exp. I) and day 17 or 19 (Exp. II) resulted in longer (P<.01) interestrous intervals than in nonbred controls or when embryos were removed on days 13 or 15 of pregnancy. The changes in the size of the CL as determined by palpation per rectum (data not presented) and serum progesterone concentrations (figure 2) substantiated that the increases in interestrous interval resulted from an increase in the functional lifespan of the CL.
The results of Exp. I and II indicate that during the first 15 days of pregnancy, the bovine embryo does not produce an effect of sufficient magnitude to be observable as a significant alteration of the interestrous interval. Between the 15th and 17th day of pregnancy, the embryo exerts an effect that results in a 4-to 5-day increase in the functional lifespan of the CL. The results obtained with cattle (Exp. I and II) are similar to those obtained with sheep, where embryo removal before day 12 of pregnancy resulted in an interestrous interval of 17 to 18 days and removal on days 14 and 15 resulted in interestrous intervals of 24 to 25 days (Moor and Rowson, 1966a) .
The effect of bovine embryos on the lifespan of the CL is exerted just prior to the time at which an increase in prostaglandin F2~ production occurs in nonpregnant cows (Shemesh and Hansel, 1975; Nancarrow et al., 1973) , and about the time that marked changes in the macromolecular composition of uterine flushings have been observed (Laster, 1977; Roberts and PArker, 1974) . The effect of the conceptus on the lifespan of the CL occurs at a time when the conceptus is undergoing a rapid increase in length (Chang, 1952 and Exp. I and II where blastocysts recovered at day 13 were not elongated, while the mean length -+ SE of conceptuses recovered at days 15, 17 and 18 were, respectively, 2.5 -+ .84 cm, 10.0 + 2.22 cm, and 18.0 +-1.56 cm). Although the events are coincident, the interrelationships between uterine secretory activity (histotrophic and luteolytic) and the growth and secretory activity of the embryo have not been elucidated. Since successful embryo transfers can be performed 15 days postestrus (Betteridge et al., 1976) conceptus-induced changes in the maternal system prior to day 15 postmating must not be essential to the initiation and maintenance of pregnancy.
In Exp. 1II (figure 3) heifers receiving control infusions had interestrous intervals and serum progesterone patterns similar to those observed in Exp. II in the nonbred control groups and in pregnant animals with embryos removed on day 15 or earlier (see figure 2) . Twice daily intrauterine infusions of frozen and thawed homogenates of 17-and 18-dayold embryos delayed regression of the CL, as evidenced by increased concentrations of serum progesterone by day 20 (P = .025) and lengthing (P<.O1) of the interestrous interval. With respect to the lifespan of the CL, intrauterine infusions of embryonic homogenates during days 15 through 17 of the estrous cycle were able to mimic the effect exerted by an intact embryo between the same days of pregnancy (see Exp. I1). Although Godkin et al. (1978) have shown that embryos can increase progesterone production evidence (figure 3) that homogenates increased trations in serum.
in vitro, there was no infusions of embryo progesterone concen-
The results of Exp. I, II and III indicate that between days 15 and 17 of pregnancy bovine embryos begin to produce a substance that prolongs the lifespan of the CL. The chemical nature of the substance and its site of action have not been determined. Previous experiments involving transfer of embryos to surgically isolated uterine horns (Del Campo et al., 1977) indicated a unilateral utero-ovarian mechanism was involved in the maintenance of the CL during early pregnancy in cattle. Similar results have been obtained with sheep (Mapletoft et al., 1975 (Mapletoft et al., , 1976 Moor and Rowson, 1966b,c) . The local nature of the effect suggests that a substance from the embryo acts on the uterus to alter uterine venous levels of the luteolytic substance or that the gravid uterine horn produces a substance that acts unilaterally to counteract the effects of the uterine luteolysin at an extrauterine site. Evidence supporting each of the proposed mechanisms has been reported for sheep (Barcikowski et al., 1974; Inskeep et al., 1975; Kittock and Britt, 1975 ; Lewis et al., 1977; Mapletoft et al., 1976; Martal et al., 1979; Nett et al., 1976; Peterson et al., 1976; Pexton et aL, 1975a,b; Thorburn et al., 1973 ; Wilson et al., 1972) , but there appears to be little information available for cows (Kindahl et al., 1976) .
The eventual solution to the problem of how Figure 3 . Mean (+ SE; n = 7) serum progesterone concentrations following intrauterine infusions of control material (o o) or embryo ~omogenate (e e). As compared to the control group, intrauterine infusion of embryo homogenate lengthened (P<.01, SE of the difference = .83) the interestrous interval and caused serum progesterone concentrations to be higher (P<.025, EMS animal • day = 2.90) by day 20.
the CL of the estrous cycle is transformed to a CL of pregnancy will depend on the identification of the causative substance produced by the embryo. The present experiments have determined the time of production of a substance and have described a bioassay (admittedly cumbersome) for its isolation and id: ,~tification.
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